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Abstract
Background: Pain has been suggested to act as a stressor during aging, potentially accelerating declines in health and functioning. Our 
objective was to examine the longitudinal association between self-reported pain and the development, or worsening, of frailty among older 
men and women.
Methods: The study population consisted of 5,316 men and women living in private households in England, mean age 64.5 years, participating 
in the English Longitudinal Study of Ageing (ELSA). Data from Waves 2 and 6 of ELSA were used in this study with 8 years of follow-up. At 
Wave 2, participants were asked whether they were “often troubled with pain” and for those who reported yes, further information regarding 
the intensity of their pain (mild, moderate, or severe) was collected. Socioeconomic status (SES) was assessed using information about the 
current/most recent occupation and also net wealth. A frailty index (FI) was generated, with the presence of frailty defined as an FI >0.35. 
Among those without frailty at Wave 2, the association between pain at Wave 2 and frailty at Wave 6 was examined using logistic regression. 
We investigated whether pain predicted change in FI between Waves 2 and 6 using a negative binomial regression model. For both models 
adjustments were made for age, gender, lifestyle factors, depressive symptoms, and socioeconomic factors.
Results: At Wave 2, 455 (19.7%) men and 856 (28.7%) women reported they often experienced moderate or severe pain. Of the 5,159 
participants who were nonfrail at Wave 2, 328 (6.4%) were frail by Wave 6. The mean FI was 0.11 (standard deviation [SD] = 0.1) at Wave 
2 and 0.15 (SD = 0.1) at Wave 6. After adjustment for age, gender, body mass index, lifestyle factors, and depressive symptoms, compared 
to participants reporting no pain at Wave 2 those reporting moderate (odds ratio [OR] = 3.08, 95% confidence interval [CI] = 2.28, 4.16) 
or severe pain (OR = 3.78, 95% CI = 2.51, 5.71) were significantly more likely to be frail at Wave 6. This association persisted after further 
adjustment for either occupational class and/or net wealth level. Compared to those without pain, those with mild, moderate, or severe pain 
were also more likely to develop worsening frailty, as assessed using the FI, and this association persisted after adjustment for SES. There was 
no evidence that the association between pain and frailty was influenced by gender.
Conclusion: Pain is associated with an increased risk and intensity of frailty in older men and women. Socioeconomic factors contribute to the 
occurrence of frailty; though in our study do not explain the relationship between pain and frailty.
Keywords: Frailty—Pain—Successful Ageing—ELSA
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Frailty can be described as an increased vulnerability to stressors as 
it impairs multiple, inter-related systems, leads to decreases in physi-
ological reserves and a decline in the ability to maintain homeostasis 
(1–3). Frailty is an important health problem through its association 
with adverse health outcomes including, disability, institutionaliza-
tion, and death (1,4). The causes of frailty are complex and involve 
both biological and psychosocial factors (5,6).
Socioeconomic factors are an important determinant of frailty 
risk with evidence that lower socioeconomic status (SES) is asso-
ciated with an increased risk of frailty (7–10). Marshall and col-
leagues (11) modeled cohort-specific trajectories in frailty among 
community-dwelling adults aged 50 years and older using five waves 
of the English Longitudinal Study of Ageing (ELSA), and showed 
that wealth differences impact on levels of frailty, with the fast-
est growth in frailty observed among the poorest participants. We 
reported recently an association between the occurrence of chronic 
widespread pain (CWP) and worsening frailty in a population sam-
ple of European men (12). The mechanism is unclear; pain experi-
ence may be linked with declining activity levels, or the presence 
of comorbidities which predispose to frailty. There is evidence that 
lower SES is also associated with CWP (13), chronic disabling pain 
(14) and disability due to pain (15). To our knowledge, however, 
there are no data examining whether the relationship between pain 
and frailty can be explained by SES.
Using data from ELSA, we examined the association between the 
occurrence and severity of pain and subsequent frailty development after 
8 years of follow-up in older men and women. We hypothesized that pain 
occurrence and severity would be associated with the development and/
or worsening of frailty. We also examined whether any observed associa-
tions could be explained by differences in sociodemographic factors.
Methods
Study Design
Details regarding study design have been described elsewhere (16). Briefly, 
men and women living in private households aged 50 years and over were 
recruited from the Health Survey of England cohort. The ELSA survey 
contains a broad range of information including demographic character-
istics, mental and physical health, and social and economic circumstances 
collected from a combination of face-to-face interviews, nurse visits, 
and self-completed questionnaires. After the initial survey (conducted in 
2002), participants were followed up and re-interviewed every 2 years. 
The current study uses data collected from the ELSA sample at Wave 2 
(this being the first wave providing information on height and weight, 
collected between 2004 and 2005) and Wave 6 (2012–2013). At Wave 2, 
data were collected from 8,780 nationally representative participants and 
5,316 participants provided data at both Waves 2 and 6, with 3,464 lost 
to follow-up over the 8-year period. Ethical approval was granted from 
the National Research and Ethics Committee.
Assessments
Ascertainment of pain status
At Wave 2, participants were asked if they were “often troubled by 
pain”; if they responded “no,” their response was coded as “no pain” 
and for those who said yes, they were asked to evaluate the inten-
sity of their pain on a 3-point scale (mild, moderate, severe). These 
two items were adopted from the Health and Retirement Survey and 
have been used in a previous publication assessing pain using ELSA 
(17). The pain variable was categorized as no pain, mild pain, mod-
erate pain, or severe pain often.
Frailty
Frailty was defined in both Waves 2 and 6 datasets using an frailty 
index (FI) constructed of 51 deficits representing conditions that 
accumulate with age and are associated with adverse health out-
comes (18) (Supplementary Table). The FI was adapted, from the 
FI created by Hubbard and colleagues (19), with 11 deficits being 
omitted; eight deficits were removed as they made up the Centre of 
Epidemiological Studies Depression (CES-D) scale, one referred to 
pain while walking and two were not repeated at Wave 6. The defi-
cits used included functional and sensory impairments, self-report 
comorbidities, poor or fair self-rated health and a score in the lowest 
10% of a composite measure of global cognitive function (20). Each 
subject’s deficit count was summed and divided by the total number 
of deficits considered. An FI was generated for each subject and was 
categorized according to published criteria (21); robust participants 
had FI scores <0.2, prefrail were 0.2–0.35 and frail were >0.35. For 
the purpose of the analysis, we defined incident frailty as those who 
were robust or prefrail at Wave 2 and who were identified as frail 
at Wave 6. The FI developed in ELSA has been used previously and 
validated as a predictor of mortality and institutionalization (22,23).
Socioeconomic status
Occupational class (current or most recent occupation) was meas-
ured using the National Statistics-Socio-Economic Classification 
scheme (NS-SEC), which provides a validated measure of a person’s 
social position determined using the nature of their employment 
contract (24). Net wealth was categorized in a previous publication 
as quintiles of the total net (nonpension) wealth measured at benefit 
unit level (benefit unit is a couple or single person with any depend-
ent children). The wealth variable is estimated based on information 
regarding the value of all financial assets at the disposition of the 
benefit unit (ie, houses, businesses and savings) minus any debt.
Other assessments at Wave 2
Depressive symptoms were assessed using the CES-D scale. A score 
of four or more defines cases of elevated depressive symptoms (25). 
Weight (kg) and height (m) were assessed and body mass index 
(BMI) calculated as body weight (kg) divided by the square of height 
(m2). Physical activity was measured based upon the classification 
used in Allied Dunbar Survey of Fitness (26) and was categorized as; 
sedentary (sedentary occupation, engages in mild exercise 1–3 times 
a month or less), low (standing or sedentary occupation, engages in 
moderate exercise once a week or less or mild activity 1–3 times a 
month), moderate (physical work or engages in moderate activity 
more than once a week, or vigorous activity once a week/1–3 times 
a month) and high (heavy manual work or vigorous activity more 
than once a week). Participants were asked if they currently smoke 
cigarettes (at Wave 2) with responses recorded as yes or no.
Statistical methods
Descriptive statistics were used to summarize the sample characteris-
tics. Appropriate parametric or nonparametric statistical approaches 
were used, to describe differences in Wave 2 characteristics between 
those who remained robust or prefrail at both time points and those 
who were robust or prefrail at Wave 2 and became frail by Wave 
6. Logistic regression was used to examine the relationship between 
level of pain at Wave 2 and the new occurrence of frailty (Wave 6). 
To facilitate the longitudinal analysis only participants who were 
either robust or prefrail at Wave 2 were included in these models 
(ie, those with frailty [FI > 0.35] were excluded). The outcome was 
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frailty status at Wave 6 (FI > 0.35 vs ≤ 0.35). Analyses were per-
formed unadjusted, then adjusted for age and gender, further adjust-
ment for BMI, smoking status, depressive symptoms (CES-D) and 
physical activity, then further adjustment for occupational class 
at Wave 2, or net wealth, or both occupation and net wealth. The 
results were expressed as odds ratios (OR) and 95% confidence 
intervals (CI). To examine change in FI over time, negative binomial 
regression analysis was performed, with pain at Wave 2 as the main 
predictor and FI at Wave 6 as the outcome, with adjustments made 
as outlined above in addition to FI at Wave 2. Results were reported 
as incident rate ratios (IRR) and 95% CI. Effect modification by 
gender was assessed by inclusion of interaction terms between pain 
and gender in the regression models. Analyses were conducted using 
STATA SE v13.1 (StataCorp, College Station, TX).
Results
Subject Characteristics
A total of 5,316 participants provided data for the analysis. Sample 
characteristics at Wave 2 are presented in Table 1. The mean age at 
Wave 2 was 64.5 years, and 56.3% were female.
Change in Frailty Status
Of those 5,159 participants who were nonfrail (robust or prefrail) 
at Wave 2, 328 (6.4%) had become frail by Wave 6 (41.2% male). 
The mean FI at Wave 2 was 0.11 (SD = 0.1) and at Wave 6, 0.15 (SD 
0.1). The mean increase in FI between Waves 2 and 6 for participants 
nonfrail at Wave 2 was 0.04 (SD 0.09).
Determinants of Incident Frailty
Among the 5,159 participants who were non-frail at Wave 2, compared 
to those who did not develop frailty by Wave 6, those who became frail 
were older (72.5 years vs 63.9 years), reported more depressive symp-
toms (26.7% vs 11.3%), were less physically active (6.8% vs 23.4% 
reported high levels of physical activity), were less likely to have man-
agerial and professional occupations (25.6% vs 35.3%), were more 
likely to be in the poorest net wealth quartiles (28.2% vs 16.1%) and 
were more likely to report experiencing moderate (35.8% vs 16.2%) 
or severe pain (16.0% vs 4.8%) at Wave 2, Table 1.
Pain Status and Incident Frailty
In participants who were nonfrail at Wave 2, compared to partici-
pants who reported no pain, after adjustment for age and gender, 
Table 1. Wave 2 Participant Characteristics
Wave 2 Variable
All
Robust or Prefrail  
Both Time-Points
Robust/Prefrail at  
Wave 2, Frail at Wave 6
P†Mean (SD), N* = 5,316 Mean (SD), N* = 4,831 Mean (SD), N* = 328
Age (years) 64.5 (8.5) 63.9 (8.1) 72.5 (9.7) ≤.001
Body mass index (kg/m2) 26.9 (7.3) 26.9 (6.9) 26.3 (10.8) .28
Number (%) Number (%) Number (%)
Sex .29
 Male 2,322 (43.7) 2,133 (44.2) 135 (41.2)
 Female 2,993 (56.3) 2,698 (55.8) 193 (58.8)
Depression (CES-D) ≤.001
 Not depressed 4,544 (86.7) 4,238 (88.7) 233 (73.3)
 Depressive symptoms 698 (13.3) 538 (11.3) 85 (26.7)
Current smoker .01
 No 4,567 (86.2) 4,180 (86.7) 268 (82.0)
 Yes 734 (13.8) 641 (13.3) 59 (18.0)
Physical activity ≤.001
 High 1151 (21.8) 1125 (23.4) 22 (6.8)
 Moderate 2,830 (53.5) 2,672 (55.5) 132 (40.7)
 Low 1,146 (21.7) 942 (19.6) 130 (40.1)
 Sedentary 159 (3.0) 72 (1.5) 40 (12.3)
Socio-economic classification (NS-SEC) ≤.001
 Managerial and professional 1,797 (34.2) 1,685 (35.3) 82 (25.6)
 Intermediate 1,347 (25.7) 1,241 (26.0) 73 (22.7)
 Routine and manual 2,103 (40.1) 1,848 (38.7) 166 (51.7)
Quintiles of net financial wealth ≤.001
 1 = wealthiest 1,296 (24.7) 1,247 (26.2) 44 (13.6)
 2 1,173 (22.4) 1,107 (23.3) 45 (13.9)
 3 1,038 (19.8) 942 (19.8) 73 (22.6)
 4 810 (15.5) 696 (14.6) 70 (21.7)
 5 = poorest 918 (17.5) 765 (16.1) 91 (28.2)
Pain status ≤.001
 Severe pain 352 (6.6) 232 (4.8) 52 (16.0)
 Moderate pain 959 (18.1) 779 (16.2) 116 (35.8)
 Mild pain 579 (10.9) 540 (11.2) 32 (9.9)
 No pain 3,399 (64.3) 3,262 (67.8) 124 (38.3)
Note: *Number of observations for each variable varies; 5,316 relates to complete age, BMI, and gender data.
†T-test or chi-squared.
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those who reported mild pain (OR = 1.65; 95% CI = 1.09, 2.49), 
moderate pain (OR = 3.81; 95% CI = 2.88, 5.04) and severe pain 
(OR = 5.68; 95% CI = 3.91, 8.24) at Wave 2, were more likely to 
have developed frailty at follow-up (Table 2, Model 1). After fur-
ther adjustment for BMI, smoking, depressive symptoms and physi-
cal activity at Wave 2, those reporting moderate (OR = 3.08; 95% 
CI = 2.28, 4.16) and severe pain (OR = 3.78; 95% CI = 2.51, 5.71) 
were significantly more likely to have developed frailty at follow-up 
(Table 2, Model 2). Measures of SES were then added to the analysis; 
firstly an adjustment using occupation at Wave 2 was added to the 
model and compared to those who reported no pain, those experi-
encing moderate (OR = 3.01; 95% CI = 2.22, 4.09) and severe pain 
(OR = 3.72; 95% CI = 2.45, 5.64) were significantly more likely to 
have developed frailty at follow-up. When adjusting for the same 
previously identified risk factors but using net wealth as a marker of 
SES, compared to those who reported no pain at Wave 2, those with 
moderate pain (OR = 2.96; 95% CI = 2.18, 4.03) and those with 
severe pain (OR  =  3.68, 95% CI  =  2.42, 5.59) were significantly 
more likely to have developed frailty at follow-up. The results were 
broadly similar when both socioeconomic variables were included 
(Model 3). In Model 3, net wealth remained as an independent risk 
factor for frailty. There was evidence across all models of a dose 
response relationship between increasing severity of pain and frailty, 
that is, the higher the level of pain the greater the likelihood of devel-
oping frailty at Wave 6. The effect of any pain versus no pain on 
incident frailty was examined. After adjustments for age and gender, 
compared to those reporting no pain, those with any pain were sig-
nificantly more likely to have developed frailty (OR = 3.38; 95% 
CI = 2.65, 4.31). Results remained significant after adjusting for pre-
viously identified risk factors and SES. There was no evidence that 
the association between pain and incident frailty differed by gender 
(Pinteraction > 0.1).
Pain Status and Worsening Frailty
In all participants (including those who were frail at Wave 2), after 
adjusting for age, gender and the Wave 2 FI, compared to those with 
no pain, those who reported mild pain at Wave 2 had on average a 
15% higher FI score at Wave 6 (Table 3, Model 1). Similarly, those 
who reported moderate pain had a 20% higher FI score at Wave 6 
and those who reported severe pain had a 12% higher FI score at 
Wave 6 (Table 3, Model 1). After further adjusting for BMI, physical 
activity, smoking status, and depressive symptoms (Model 2) com-
pared to those without pain those reporting mild pain, moderate 
pain or severe pain at Wave 2 had a 15%, 19%, and 9% higher FI 
score at Wave 6, respectively. The results were essentially unchanged 
following additional adjustments for SES (Model 3).
Table 2. Wave 2 Pain Status and Incident Frailty: Logistic Regression Analysis
Model 1, N = 5,137 Model 2, N = 4,724 Model 3, N = 4,601
Wave 2 Characteristics Odds Ratio (95% Confidence Intervals)
Age (years) 1.11 (1.10, 1.13)** 1.10 (1.09, 1.12)** 1.11 (1.09, 1.13)**
Gender (male vs female) 1.01 (0.80, 1.28) 0.79 (0.61, 1.03) 0.79 (0.60, 1.03)
Pain status
 No pain Reference Reference Reference
 Mild pain 1.65 (1.09, 2.49)* 1.34 (0.86, 2.11) 1.34 (0.84, 2.14)
 Moderate pain 3.81 (2.88, 5.04)** 3.08 (2.28, 4.16)** 2.96 (2.17, 4.03)**
 Severe pain 5.68 (3.91, 8.24)** 3.78 (2.51, 5.71)** 3.72 (2.44, 5.67)**
BMI (kg/m2) 1.00 (0.98, 1.01) 1.00 (0.98, 1.02)
Depression (CESD)
 Not depressed Reference Reference
 Depressive symptoms 2.49 (1.84, 3.36)** 2.28 (1.67, 3.10)**
Smoking
 No Reference Reference
 Yes 2.01 (1.42, 2.84)** 1.77 (1.24, 2.54)*
Physical activity
 High Reference Reference
 Moderate 1.89 (1.17, 3.05)* 1.71 (1.06, 2.76)*
 Low 3.93 (2.41, 6.42)** 3.31 (2.01, 5.43)**
 Sedentary 11.06 (5.81, 21.05)** 9.54 (4.94, 18.42)**
Occupation
 Managerial and professional Reference
 Intermediate 0.84 (0.58, 1.23)
 Routine and manual 1.17 (0.84, 1.62)
Net financial wealth quintiles
 1 = wealthiest Reference
 2 0.90 (0.56, 1.44)
 3 1.53 (0.99, 2.36)
 4 1.41 (0.89, 2.23)
 5 = poorest 2.84 (1.82, 4.42)**
Note: In this analysis, individuals with frailty at baseline (Wave 2) were excluded. The outcome variable was frailty status (frailty index > 0.35 vs ≤ 0.35) at Wave 
6. Model 1: adjusted for age and gender. Model 2: adjusted for age, gender, BMI, smoking status, depressive symptoms, and physical activity. Model 3: as Model 
2 with additional adjustment for occupation and wealth.
*p ≤ .05. **p ≤ .001.
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In Model 3, net wealth and occupation remained as independ-
ent risk factors for frailty. The effect of any pain versus no pain on 
worsening frailty was explored; in comparison to those with no pain 
at baseline, those with any pain had a 17% higher FI score at follow-
up, after adjusting for age and gender; results remained significant 
after further adjustments for previously identified risk factors and 
SES. There was no evidence that the association between pain and 
change in FI differed by gender (Pinteraction > 0.1).
Discussion
This is the first study using data from a nationally representative sur-
vey to examine the prospective association between the occurrence 
of pain and the subsequent risk of developing frailty in both older 
men and women. Our findings agree with our previous observations 
in men that pain is predictive of incident and worsening frailty (12) 
and now extend these data to include women. The strength of the 
association between pain and the new occurrence of frailty increased 
with the severity of pain suggesting a dose–response relationship. 
Our data show an association between SES and frailty; participants 
in the poorest wealth quartile and those in manual and routine occu-
pations were more likely to develop frailty or experience worsening 
frailty after 8 years of follow-up. Our results, however, suggest that 
SES did not explain the association between pain and subsequent 
development or worsening of frailty.
Previous studies have linked socioeconomic factors with pain. 
A  cross-sectional study of 8,970 participants aged 40  years and 
older, showed that chronic pain was reported more often among 
manual workers than among managers (14). We found that SES and 
pain were risk factors for frailty, independently of one another. There 
are likely contextual factors that are linked to SES which increase 
the incidence of frailty. Our findings are in agreement with previ-
ous observational data linking SES with frailty. In a cross-sectional 
analysis of the Women’s Health and Aging Studies the odds of frailty 
(determined using the Fried phenotype) were increased for those 
with lower income and education irrespective of race (27). Using 
data collected from 4,000 people aged 65 years and older, Woo and 
colleagues found that socioeconomic position (as determined using 
education and income) both directly and indirectly (via lifestyle fac-
tors) affected frailty as measured using an FI (28).
What is the mechanism linking pain and frailty? It is possible 
that pain, whether chronic and/or severe, could potentially impact 
upon multiple physiological systems, thereby reducing reserve and 
in turn an individual’s ability to maintain homeostasis (29). Pain, 
and the adverse aspects of the pain experience may create a state 
of vulnerability to stressors which could explain why people with 
pain are at increased risk of developing, or experiencing worsening, 
frailty. This may provide a mechanistic interpretation for the evi-
dence of a dose–response found between pain and frailty; the more 
pain a person suffers, potentially the greater the stress experienced 
Table 3. Wave 2 Pain Status and Change in Frailty: Negative Binomial Regression Analysis
Model 1, N = 5,289 Model 2, N = 4,859 Model 3, N = 4,733
Wave 2 Characteristics Incident Rate Ratio (95% Confidence Intervals)
Age (years) 1.03 (1.02, 1.03)** 1.03 (1.02, 1.03)** 1.03 (1.03, 1.03)**
Gender (male vs female) 1.00 (0.97, 1.03) 0.98 (0.95, 1.01) 0.97 (0.94, 1.00)
Pain status
 No pain Reference Reference Reference
 Mild pain 1.15 (1.09, 1.20)** 1.15 (1.09, 1.20)** 1.15 (1.10, 1.21)**
 Moderate pain 1.20 (1.15, 1.26)** 1.19 (1.14, 1.25)** 1.19 (1.14, 1.24)**
 Severe pain 1.12 (1.06, 1.20)** 1.09 (1.02, 1.17)* 1.10 (1.03, 1.17)*
BMI (kg/m2) 1.00 (1.00, 1.01)** 1.00 (1.00, 1.01)**
Depression (CESD)
 Not depressed Reference Reference
 Depressive symptoms 1.07 (1.02, 1.12)* 1.05 (1.00, 1.10)*
Smoking
 No Reference Reference
 Yes 1.17 (1.12, 1.23)** 1.12 (1.07, 1.17)**
Physical activity
 High Reference Reference
 Moderate 1.14 (1.09, 1.18)** 1.13 (1.08, 1.17)**
 Low 1.19 (1.14, 1.26)** 1.17 (1.12, 1.23)**
 Sedentary 1.15 (1.05, 1.27)* 1.15 (1.04, 1.27)*
Occupation
 Managerial and professional Reference
 Intermediate 1.02 (0.98, 1.06)
 Routine and manual 1.09 (1.05, 1.13)**
Quintiles of net financial wealth
 1 = wealthiest Reference
 2 1.03 (0.99, 1.08)
 3 1.08 (1.03, 1.13)*
 4 1.10 (1.05, 1.16)**
 5 = poorest 1.17 (1.11, 1.24)**
Frailty index (FI) 1.05 (1.05, 1.05)** 1.05 (1.04, 1.05)** 1.04 (1.04, 1.05)**
Note: In this analysis, the outcome is frailty index (continuous variable). Model 1: adjusted for age, gender, and FI at Wave 2. Model 2: adjusted for age, gender, 
BMI, smoking status, depressive symptoms (CESD), physical activity, and FI at Wave 2. Model 3: as Model 2 with additional adjustments.
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and therefore the greater risk of frailty. Older adults experiencing 
pain are less physically active (30), experience more comorbidities 
(31) and worse functional mobility (32), than older adults without 
pain. These adverse consequences of pain may be responsible for the 
increase in risk of developing frailty.
We found that gender did not significantly influence the associa-
tion between pain and frailty. This is an important observation as this 
is the first study, to our knowledge, that has explored the impact gen-
der has on the longitudinal association between pain and frailty. We 
observed a dose–response relationship between increasing severity of 
pain and the onset of frailty. This was not seen, when we looked at the 
relationship between pain and worsening frailty, the reason for which 
is unclear. The results of the current study are also consistent with pre-
vious reports concerning the association between frailty and a variety 
of health and lifestyle factors. Mezuk and colleagues (33) reviewed 39 
publications and found empirical evidence for a bidirectional asso-
ciation between frailty and depression in older adults, while Woods 
and colleagues (34) reported a strong relationship between depressive 
symptoms and incident frailty. We also found that low levels of physi-
cal activity are significantly associated with the development of frailty 
and this is consistent with data suggesting that exercise is associated 
with a reduced risk of frailty (as defined by gait speed and inability to 
rise from a chair without using one’s arms) (35).
Our study had a number of strengths. The prospective data 
were derived from a representative, population-based sample and 
included standardized methods and validated questionnaire instru-
ments. Nonetheless, there are certain limitations that need to be 
considered. Of the 8,780 participants in Wave 2, 3,464 did not con-
tribute data to Wave 6. Compared to those who took part at Wave 
6 those who did not were older (70.6 years vs 64.5 years), more 
likely to be male (47% vs 44%) and to report “any” pain (42% vs 
36%). Caution is needed in interpreting findings of the proportion 
of participants who changed frailty status or the mean change in 
FI between waves. Differences between participants who contrib-
uted data, and those who were lost to follow-up, are unlikely to 
have influenced results which were based on internal comparisons 
of participants who contributed data to both waves. Participants 
completed similar questionnaires during different study waves and 
it is unclear whether results were affected by this, as this can lead 
to participants changing their responses over time (36). Data col-
lected on pain was obtained using self-report and errors of recall 
may have impacted on levels of pain reported, however, it is likely 
misclassification of pain would attenuate any observed associations. 
There was no specific time-frame linked with the pain question, but 
we feel asking whether participants were “often troubled by pain” 
would exclude those with acute pain though we cannot be certain. 
The study was prospective; caution is needed in interpreting the 
observed associations which do not provide evidence of causa-
tion. A potential weakness of the occupational measure, is that it 
does not capture participants who do not work and so we used net 
wealth as another measure. In a separate analysis, age at which par-
ticipants left education was used as an alternative SES measure, and 
results were broadly similar (results not shown). The FI was modi-
fied from an index used in other studies. We excluded several deficits 
and this may have impacted on the psychometric properties of the 
tool. However, frailty indices are robust in terms of their perfor-
mance, provided there are at least 30 deficits included in their deri-
vation (18). The FI used contained a deficit regarding arthritis and 
although the presence of arthritis does not imply presence of pain, 
it is a common symptom of arthritis. We repeated our analysis after 
removing the arthritis deficit, and results were similar to the analysis 
when it was included (results not shown). Finally, the cohort was 
predominantly Caucasian, with a mean age of 64.5 years and cau-
tion is needed when extrapolating findings beyond this group.
In conclusion, self-reported pain was associated with both inci-
dent and worsening frailty in both older men and women, and this 
association was not explained by socioeconomic factors. Our find-
ings highlight the importance of identifying pain symptoms in an 
older population and suggest potential opportunities for targeting 
individuals suffering from pain for interventions to reduce the occur-
rence of frailty. Further studies are needed to identify the physiologi-
cal mechanisms underpinning this association and should aim to 
identify aspects of the pain experience responsible for the elevated 
risk for developing frailty.
Supplementary Material
Supplementary material can be found at: http://biomedgerontology.
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Acknowledgments
K.F.W.  is funded by The National Institute of Health Research Manchester 
Musculoskeletal Biomedical Research Unit. D.M.L.  was a Research into 
Ageing Fellow [Research Fellowship 365] for part of this work. B.V., F.W., 
and D.M.L. are supported by the Medical Research Council and Economic 
Research Council through the Lifelong Health and Wellbeing programme 
(grant reference: G1001375/1). Nonfinancial support was also provided by 
Arthritis Research UK. This report includes independent research supported by 
the National Institute for Health Research Biomedical Research Unit Funding 
Scheme. The views expressed in this publication are those of the author(s) and 
not necessarily those of the NHS, the National Institute for Health Research 
or the Department of Health. Funding for the English Longitudinal Study of 
Ageing is provided by the National Institute of Aging (grants 2RO1AG7644-
01A1 and 2RO1AG017644) and a consortium of UK government depart-
ments co-ordinated by the Office for National Statistics.
References
 1. Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: evidence for 
a phenotype. J Gerontol A  Biol Sci Med Sci. 2001;56(3):M146–M156. 
doi:10.1093/gerona/56.3.M146
 2. Bergman H, Ferrucci L, Guralnik J, et al. Frailty: an emerging research and 
clinical paradigm issues and controversies. J Gerontol A Biol Sci Med Sci. 
2007;62(7):731. doi:10.1055/s-0029-1237430
 3. Morley JE, Perry HM, Miller DK. Editorial: something about frailty. J 
Gerontol A  Biol Sci Med Sci 2002;57(11):M698–M704. doi:10.1093/
gerona/57.11.M698
 4. Fried LP, Ferrucci L, Darer J, Williamson JD, Anderson G. Untangling the 
concepts of disability, frailty, and comorbidity: implications for improved 
targeting and care. J Gerontol A  Biol Sci Med Sci. 2004;59:255–263. 
doi:10.1093/gerona/59.3.M255
 5. Rockwood K, Fox RA, Stolee P, Robertson D, Beattie BL. Frailty in elderly 
people: an evolving concept. CMAJ. 1994;150:489–495.
 6. Walston J, Hadley EC, Ferrucci L, et al. Research agenda for frailty in older 
adults: toward a better understanding of physiology and etiology. J Am 
Geriatr Soc. 2006;54:991–1001. doi:10.1111/j.1532-5415.2006.00745.x
 7. Alvarado BE, Zunzunegui MV, Béland F, Bamvita JM. Life course social 
and health conditions linked to frailty in Latin American older men and 
women. J Gerontol A Biol Sci Med Sci. 2008;63:1399–1406.
 8. Lang IA, Hubbard RE, Andrew MK, Llewellyn DJ, Melzer D, Rockwood 
K. Neighborhood deprivation, individual socioeconomic status, and 
frailty in older adults. J Am Geriatr Soc. 2009;57:1776–1780. doi: 
10.1111/j.1532-5415.2009.02480.x
 9. Manrique-Espinoza B, Salinas-Rodríguez A, Salgado de Snyder N, 
Moreno-Tamayo K, Gutiérrez-Robledo LM, Avila-Funes JA. Frailty and 
Downloaded from https://academic.oup.com/biomedgerontology/article-abstract/72/3/403/2468534/Does-Pain-Predict-Frailty-in-Older-Men-and-Women
by Manchester Metropolitan University user
on 22 September 2017
Journals of Gerontology: MEDICAL SCIENCES, 2017, Vol. 72, No. 3 409
social vulnerability in Mexican deprived and rural settings. J Aging Heal. 
2015;28(4):740–752. doi:10.1177/0898264315609909
 10. Herr M, Robine JM, Aegerter P, Arvieu JJ, Ankri J. Contribution of socio-
economic position over life to frailty differences in old age: comparison of 
life-course models in a French sample of 2350 old people. Ann Epidemiol. 
2015;25(9):674–680. doi:10.1016/j.annepidem.2015.05.006
 11. Marshall A, Nazroo J, Tampubolon G, Vanhoutte B. Cohort differences 
in the levels and trajectories of frailty among older people in England. J 
Epidemiol Community Health. 2015;69:316–321. doi:10.1136/jech- 
2014-204655
 12. Wade KF, Lee DM, McBeth J, et al. Chronic widespread pain is associ-
ated with worsening frailty in European men. Age Ageing. 2015;1–7. 
doi:10.1093/ageing/afv170
 13. Macfarlane GJ, Norrie G, Atherton K, Power C, Jones GT. The influence 
of socioeconomic status on the reporting of regional and widespread mus-
culoskeletal pain: results from the 1958 British Birth Cohort Study. Ann 
Rheum Dis. 2009;68(10):1591–1595. doi:10.1136/ard.2008.093088
 14. Saastamoinen P, Leino-Arjas P, Laaksonen M, Lahelma E. Socio-economic 
differences in the prevalence of acute, chronic and disabling chronic 
pain among ageing employees. Pain. 2005;114:364–371. doi:10.1016/j.
pain.2004.12.033
 15. Dorner TE, Muckenhuber J, Stronegger WJ, Ràsky E, Gustorff B, Freidl 
W. The impact of socio-economic status on pain and the perception of 
disability due to pain. Eur J Pain. 2011;15:103–109. doi:10.1016/j.
ejpain.2010.05.013
 16. Steptoe A, Breeze E, Banks J, Nazroo J. Cohort profile: the English lon-
gitudinal study of ageing. Int J Epidemiol. 2013;42(6):1640–1648. 
doi:10.1093/ije/dys168
 17. Chou K-L. Reciprocal relationship between pain and depression in older 
adults: evidence from the English longitudinal study of ageing. J Affect 
Disord. 2007;102(1–3):115–123. doi:10.1016/j.jad.2006.12.013
 18. Rockwood K, Mitnitski A. Frailty in relation to the accumulation of defi-
cits. J Gerontol A Biol Sci Med Sci. 2007;62:722–727.
 19. Hubbard RE, Lang IA, Llewellyn DJ, Rockwood K. Frailty, body mass 
index, and abdominal obesity in older people. J Gerontol A Biol Sci Med 
Sci. 2010;65:377–381. doi:10.1093/gerona/glp186
 20. Llewellyn DJ, Lang IA, Langa KM, Naughton F, Matthews FE. Exposure 
to secondhand smoke and cognitive impairment in non-smokers: national 
cross sectional study with cotinine measurement. BMJ. 2009;338:b462. 
doi:10.1136/bmj.b462
 21. Kulminski AM, Ukraintseva SV, Kulminskaya IV, Arbeev KG, Land 
K, Yashin AI. Cumulative deficits better characterize susceptibil-
ity to death in elderly people than phenotypic frailty: lessons from the 
Cardiovascular Health Study. J Am Geriatr Soc. 2008;56:898–903. doi: 
10.1111/j.1532-5415.2008.01656.x
 22. Rockwood K, Mitnitski A, Song X, Steen B, Skoog I. Long-term 
risks of death and institutionalization of elderly people in relation to 
deficit accumulation at age 70. J Am Geriatr Soc. 2006;54:975–979. 
doi:10.1111/j.1532-5415.2006.00738.x
 23. Ravindrarajah R, Lee DM, Pye SR, et  al. The ability of three different 
models of frailty to predict all-cause mortality: results from the European 
Male Aging Study (EMAS). Arch Gerontol Geriatr. 2013;57(3):360–368. 
doi:10.1016/j.archger.2013.06.010
 24. Rose D, Pevalin D. A Researcher’s Guide to the National Statistics Socio-
Economic Classification. London: SAGE Publications Ltd; 2003.
 25. Steffick DE. Documentation of Affective Functioning Measures in the 
Health and Retirement Study. Ann Arbor, MI: HRS Health Working 
Group; 2000.
 26. Activity and Health Research. Allied Dunbar National Fitness Survey: 
Main Findings. London: Allied Dunbar (in association with) Health 
Education Authority (and) Sports Council; 1992.
 27. Szanton SL, Seplaki CL, Thorpe RJ Jr, Allen JK, Fried LP. Socioeconomic 
status is associated with frailty: the Women’s Health and Aging 
Studies. J Epidemiol Community Health. 2010;64:63–67. doi:10.1136/
jech.2008.078428
 28. Woo J, Chan R, Leung J, Wong M. Relative contributions of geographic, 
socioeconomic, and lifestyle factors to quality of life, frailty, and mortality 
in elderly. PLoS One. 2010;5(1):1–11. doi:10.1371/journal.pone.0008775
 29. Karp JF, Shega JW, Morone NE, Weiner DK. Advances in understanding 
the mechanisms and management of persistent pain in older adults. Br J 
Anaesth. 2008;101:111–120. doi:10.1093/bja/aen090
 30. Stubbs B, Binnekade TT, Soundy A, Schofield P, Huijnen IP, Eggermont 
LH. Are older adults with chronic musculoskeletal pain less active than 
older adults without pain? A  systematic review and meta-analysis. Pain 
Med. 2013;14:1316–1331. doi:10.1111/pme.12154
 31. Davis JA, Robinson RL, Le TK, Xie J. Incidence and impact of pain condi-
tions and comorbid illnesses. J Pain Res. 2011;4:331–345. doi:10.2147/
JPR.S24170
 32. Wilkie R, Peat G, Thomas E, Croft P. Factors associated with participation 
restriction in community-dwelling adults aged 50  years and over. Qual 
Life Res. 2007;16:1147–1156. doi:10.1007/s11136-007-9221-5
 33. Mezuk B, Edwards L, Lohman M, Choi M, Lapane K. Depression 
and frailty in later life: a synthetic review. Int J Geriatr Psychiatry. 
2012;27:879–892. doi:10.1002/gps.2807
 34. Woods NF, LaCroix AZ, Gray SL, et  al. Frailty: emergence and conse-
quences in women aged 65 and older in the Women’s Health Initiative 
Observational Study. J Am Geriatr Soc. 2005;53(8):1321–1330. doi: 
10.1111/j.1532-5415.2005.53405.x
 35. Peterson MJ, Giuliani C, Morey MC, et al. Physical activity as a preventative 
factor for frailty: the health, aging, and body composition study. J Gerontol 
A Biol Sci Med Sci. 2009;64(1):61–68. doi:10.1093/gerona/gln001
 36. Baird BM, Lucas RE, Donnellan MB. Life satisfaction across the lifespan: 
findings from two nationally representative panel studies. Soc Indic Res. 
2010;99:183–203. doi:10.1007/s11205-010-9584-9
Downloaded from https://academic.oup.com/biomedgerontology/article-abstract/72/3/403/2468534/Does-Pain-Predict-Frailty-in-Older-Men-and-Women
by Manchester Metropolitan University user
on 22 September 2017
